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Abstract 

It is shown, that the hard component of quarks distribution functions induced by 
instantons gives the essential contribution to hard diffractive processes. We predict 
large polarization effects in these processes. 
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In the conventional approach the diffraction is connected with pomeron exchange 
Fig.l. In the framework of the perturbative QCD the "hard" pomeron appears as result 
of the sum of a gluon ladder and it has the very high intercept awd(O) ~ 1.5 0. This 
value is contradicted by the experimental data on total, elastic and diffractive hadron- 
hadron cross-sections which support the conception of the "soft" pomeron |2|] with the 
small intercept a so ft(0) ~ 1.08. On the other hand, this small intercept is contradicted 
by the new data on deep-inelastic structure functions ||, j4|. For the explanation of 
the anomalous growth of these structure functions at low x the hard pomeron is more 
suitable ||. However, both of these kinds of pomeron can not explain the date from 
NMC and EMC 0, where the large flavour and spin asymmetries of the sea quarks 
distribution functions have been observed. 

In paper || the new mechanism for anomalous behavior of the structure functions 
has been proposed. It is related to the growth of the quark-quark cross-section induced 
by nonperturbative fluctuation of gluon fields- instantons [[|. 

In this paper it was shown that the mixture in the nucleon wave function of valence 
and sea quark components with high transfer momentum (k± w lGeV), which is induced 
by instantons |l0[ , determines the growth of the structure function F^(x) at 0.0001 < 
x < 0.1. At the same time the strong dependence of this interaction [JTTJ 2 

£<?/(*) = Jdpn(p)(^ 2 p 3 ) 2 {u R u L d R d L [l + ^(l-^>ira + (^L)} (1) 

from flavor and chirality, allows us to explain the observed large violation of the Gottfried 
1 13 ] and Ellis- Jaffe |TJJ sum rules. 

Here, we will estimate the contribution of instantons to hard diffraction [15] and to 
one-spin asymmetries in these processes. 

The diagrams coming from the instanton-induced interaction to the nucleon structure 
functions and diffraction are shown in Fig. 2. We estimate the instanton contribution by 
using the photon-pomeron analogy [plj (Fig. 2) 



ndtdM* ~ 4^ { Mj {l s )t2 [X) > [Z) 

where (3 2 = 3A3GeV 2 is the parameter which is determined from the fit of elastic cross- 
sections, -Fi(t) is the Dirac formfactor of the proton, x = Q 2 /(M 2 + Q 2 ), Q 2 = —t 
and 

F™ s \x) = x{ui{x) + d{{x) + 2u\x) + 2d\x) + 2s 1 (x)). (3) 

In (H) q{ [x) is the instanton induced part of valence and sea quarks distribution func- 
tions. 

In H from the consideration of the diagram Fig. 2a the following form for instanton 
induced valence and sea chirality and flavour distribution functions were obtained: 

j 2 Njd v (x)x a v j 1 N T d v {x)x^ 

+ ^ = 3 ^ ' = 3 ^ /n(x) ' 



2 For simplicity, we present here only the instanton-induced lagrangian for case Nf = 2. 
The case of Nf = 3 was considered in ref. [Q . 
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2d Ax) = tu(x) , 2d (x) = tu(x), 

+ V ) g xai " V ^ 6 X°l V 7 

2s I + {x) = 2(u I + (x) + d I + (x)), 2s I _(x) = 2{u I _{x) + d I _(x)), 

j BN lUv (x)x av j lN lUv (x)x av 
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(4) 



where Ni is a constant, d v (x) are the valence distribution functions : 

u v {x) = N u x- a "{l - x) bu , d v (x) = N d x~ av (l - x) bd , (5) 

and 

f(x) = l 1 ' ifx>x ; () 

JUK ' \ exp(-(x /x - 1)), a; < x . 

The quark sea induced by the perturbative gluons does not differ in chirality or flavor, 
and therefore it is taken in the form using quark-counting rules: 

u(x) p +t _ = d{x) p + ^ = 2s{x) p + ^ = N,(l - xf/x a °°^°\ (7) 

Chirality distribution functions for valence quarks have been chosen in the form given 
by the Carlitz-Kaur model [[L7j] 

Au v (x) = (u v (x) — 2d v (x) /3)cos®d(x) 

Ad v (x) = —d v (x)cosQr)(x)/3, (8) 

where cosQd(x) takes into account the depolarization of the valence quarks in the low 
x-region. The factor cosQd{%) can be interpreted as the contribution of confinement 
forces to the valence quark chirality violation. It has the following form 

cos& D (x) = (1 + Hi(l -xf/x^Y 1 . (9) 

From (|J)- (P) one can obtain the unpolarized q(x) = q+{x) + q-(x) and the polarized 
Aq(x) = q+(x) ~q~(x) distribution functions. The values of the parameters obtained by 
fitting of unpolarized and polarized structure functions at Q 2 = 5GeV 2 are : 

bu = 2.79; bd = 3.46; a v = 0.37; N s = 0.095; 
Ni = 0.0046; H x = 0.14; x = 0.0005; aj = 1.36. 



The region —t=Q 2 > lGeV 2 is related to the hard diffraction region [15 and 
therefore the equation (|2]) determines the contribution of instantons to the hard diffrac- 
tive cross-section. The hard diffractive cross-section coming from the perturbative part 
of the proton wave function is given by the same formula (ET) simply exchanging 
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F™ st (x) — > .Ff eri (x), where (x) is the singlet structure function without instan- 
ton contribution. Thus the fraction of events induced by instantons in hard diffractive 
processes is: 

In Fig. 3 the result of the calculation of the instanton contribution is shown. From 
this picture we conclude, that the large fraction (« 30%) of hard diffractive processes is 
induced by instanton interaction. 

The sea quarks distribution, induced by instantons, has the valence like hard form 
at large x (01). To our point of view, this hard component has been already observed in 



the UA8 experiment ||18|| . In this experiment about 30% of the observed hard diffraction 
events can be explained only by the hypothesis of the existence of the very hard sea 
component inside the proton. 

It should be mentioned also that the HI and ZEUS Collaborations have also observed 
the unusual events with the large rapidity gaps |0J . In the framework of the perturbative 
QCD these diffractive events are high twist in the deep-inelastic scattering jnj. There- 
fore they should have a very small cross-section. This prediction is in contradiction to 
experiment ||, where 5 -j- 10% events have a large rapidity gap. In the framework of 
the nonperturbative QCD, the instanton induced interaction gives the contribution to 
the DIS diffraction and to the hadron-hadron diffraction in the same order (see Fig. 2). 
It is connected with the structure of the lagrangian ([!]), which includes the colourless 
exchanging part. This part can give the contribution to the DIS diffraction. The simple 
estimation of the matrix elements from the lagrangian ([I]) shows that about 50% from 
all events, induced by instantons, are without colour exchange between quarks. In the 
kinematical interval of the HI and ZEUS Collaborations the instanton induced contribu- 
tion to the F 2 ep (x) structure function is 10 -r- 30% Fig. 4. Therefore, their contribution to 
the DIS diffraction is approximately 5-h 15% from all events with 10 _1 < x < 10~ 4 . This 
value is in agreement with the preliminary results from the HI and ZEUS Collaborations 

It was pointed out above that interaction ([!]) has a specific dependence from the 
chirality of the quarks. So, in the instanton field the chirality of the quarks is changed 
by the value AQ = —2Nf . The changing of the quarks chirality leads to an appearance 
of the quarks orbital momentum. The direction of this orbital momentum is strong 



correlated with the direction of the spin of the proton |TIJ. Thus the problem of how 
the transfer of the total angular momentum to the orbital momentum of the quarks has 
to be described, is solved and then the proton spin problem has been decided. 

The existence of the orbital motion of quarks leads to an appearance of one-spin 
asymmetries in hadron-hadron interactions [^Ofl , |pl| |. In the framework of these models 



the values of these asymmetries are determined by the value of the reduction of the quark 
spin contribution to the proton spin. 

Instantons give the essential contribution to the reduction of the quarks spin contri- 
bution to the proton spin || and to hard diffractive processes. And therefore in these 
processes large polarized effects should be observed. 
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For example, we can estimate one-spin asymmetry in diffractive pp-collision by using 
the following formula: 

where 

AF 2 (x) = x(Au(x) + Ad(x) + As(x)) (12) 

and Aq(x) is the chirality carried by the proton quarks. 

The result of the calculation of the one-spin asymmetry in hard diffraction pp- 
processes is shown in Fig. 5. At large x the value of the one-spin asymmetry is determined 
by the chirality carried by the valence quarks and at low x region it is dependent from 
the chirality of the sea quarks. The value of the asymmetry at low x is determined by 
the contribution of the instantons and its large value comes from the large polarization 
of sea quarks in this region. 

It should be stressed that the isosinglet combination ( |T2"D is the fraction of the proton 
spin carried by the quarks. Therefore the polarized hard diffractive processes allow to 
measure this value. 

It is also very important that in these processes we can measure the chirality distri- 
butions of quarks at very low values for x. For example, in the experiment UA8 |18| the 
values of Ml and t were changing in limits: Ml = (2-h4)10 4 GW 2 ; -t = (0.9 + 2.3)GeV 2 . 
This corresponds to the value x = 10~ 4 ! At present time such a small value of x is not 
accessible in DIS with polarized lepton beams . Therefore the measurement of one- and 



two-spin asymmetries in polarized hard diffraction at RHIC Spin Collaboration [221 and 



at HERA [^3] can gives the unique possibility to find the decision of the proton spin 
problem. 

The author is sincerely thankful to A.E.Dorokhov for useful discussions, Prof.Meng 
Ta-chung for warm hospitality at the Free University of Berlin and the DFG (Project: 
ME 470/7-1) for financial support. 
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Figure Captions: 



Fig.l: Hard diffractive process. 

Fig. 2: The contribution to the a) DIS structure functions and b) diffraction due to 
instantons .The circle is an instanton. 

Fig. 3: The dependence of the fraction of the hard diffraction processes induced by 
instantons from the variable x = —t/M%. 

Fig. 4: The dependence of the instantons induced contribution to the DIS structure 
F 2 ep (a;) from the Bjorken variable x. 

Fig. 5: The dependence of the one-spin asymmetry in the hard diffractive processes 
from variable x = —t/M%. Dashed line is the result of the calculation without instanton 
contribution. 
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